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Each Ballantine Laboratories, Inc. instrument, or 
part thereof, is warranted to be free from defects in 
material and workmanship. Ballantine Laboratories, 
Inc. obligation under this warranty is limited to re- 
pairing and replacing any instrument or part there- 
of, except vacuum tubes and batteries, which shall 
within one year after shipment to the original pur- 
chaser prove upon Ballantine Laboratories, Inc. 
examination to,have become defective. 
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BALLANTINE 


Fig. 1. Ballantine Model 355 AC-DC Digital Voltmeter 


Fig. 2. Rack Mounted Model 355 Using Model 800 Rack Mounting Kit 
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1.1. Features and Use 
With the Model 355 AC-DC Digital Voltmeter, 


Ballantine presents a compact, economical, general 
purpose, digital voltmeter built to the same stand- 
ards of accuracy, precision and reliability that have 
always been associated with Ballantine voltmeters. 


Featuring a servo-driven three digit counter with 
overranging, the Model 355 combines in one instru- 
ment many virtues of both digital and analog volt- 
meters. The well-lighted inline numerical readout, 
with illuminated decimal point, mode and range in- 

formation, allows fast unconfused readings, while 
the turning counter wheel can follow and allow the 
observation of slowly varying signals. The position 
of the last digit may be interpolated to the nearest 
tenth, thus avoiding the typical +1 digit restriction 
of a fully digitized display. As a further aid to un- 
confused readings, an over-range indicator is pro- 
vided to warn of excessive input voltage or voltage 
of the wrong polarity. 


AC voltages from below 1 mV to 1000 V can be 
measured over the audio range and beyond, while 
the most sensitive dc range of 100 mV FS covers 
measurements normally not possible with general 
purpose digital voltmeters. 


For production use an auxiliary switch, either foot- 
operated (Model 1355) or activated by other test 
equipment, can be connected to terminals provided 
at the rear. It can be wired to hold a reading until 
a new measurement is to be made, or allow continu- 
ous measurements until closed. A panel-mounted 
switch can be similarly used to retain readings either 
momentarily or permanently. 


The Model 355 has a coaxial BNC input, and is sup- 
plied with a Model 618 BNC-to-binding post adapter 
that converts the input to standard 34 inch-spaced 
binding posts. Signal ground can be isolated from 
case ground. This feature, together with internal 
double-shielding, allows off ground and differential 
measurements with high common mode rejection. 


A dc output proportional to the ac input voltage is 
available for recording purposes simultaneously 
with the digital readout, and the amplifier section 
of the instrument can be used separately as an ac 
pre-amplifier. 


Special emphasis has been placed on the reliability 
and life of the Model 355. A balanced design using 
both long-life tubes and silicon semiconductors com- 
bines the advantages of both devices. Conservative 
operation of all electrical components further assures 
long life and performance. Should maintenance be 
required, all printed circuit boards and chassis are 
instantly accessible. 


GENERAL INFORMATION 


The Model 355 is packaged in the new compact 
Ballantine 2 rack modular case. Normally supplied 
as a portable instrument, it can be rack-mounted 
in minutes using the Model 800 Rack Mounting Kit. 


The Model 355 can also be mounted in a HP modu- 
lar enclosure without modifications. 


A summary of the outstanding features of the 
Model 355 includes: 


Accuracy and versatility in one economical 
package 


High sensitivity for both ac and dc measurements 


Direct reading digital readout — unobstructed by 
magnifiers, undisturbed by ambient light; volt- 
age, mode, and decimal point clearly indicated 


Over-range indication warning of excessive 
voltage or wrong polarity 


Temperature compensated, aged Zener reference 
for long term stability — no batteries used as 
standards 


Overload proof to 500 V 
High impedance on all ranges 


Reading retention with panel switch or external 
hold switch 


Coaxial input convertible to binding posts, with 
signal ground insulated from case ground 


Zero check possible without disconnecting input 
leads 


1.2 Some Applications of Model 355 


Check and alignment of generators, calibrators, 
voltmeters 


Accurate frequency response measurement of audio 
amplifiers and microphones 


Regulation and voltage check of ac and dc power 
supplies 


Monitor of ac and de supply voltages 


Fast and fatigue-free production line tests of ac and 
dc voltages using Model 1355 foot switch 


Sensitive ac to dc converter for stripchart and XY 
recorders 


Accuracy and frequency response tests of attenuators 
High resolution transfer measurements 


Linearity checks on resolvers and rectifier circuits 


1.3 Technical Characteristics 


Voltage Range 


Most Sensitive Range 
Frequency Range 


Accuracy in % of Full Scale 


1 mV to 500 V 
500° V tonlaky. 
AC Indication 


Maximum Balancing Time 
Input Impedance 
All ranges except 
most sensitive 
Most sensitive range 
AC Amplifier 
Voltage gain 
Voltage output 


Source impedance 


Minimum load 
impedance 
Frequency response 


AC-DC Converter 


Negative voltage 
proportional to 
the ac signal 
Source impedance 
Accuracy 
Onn Visor 5OnV> 
50 Hz to 10 kHz 


10 mV to 250 V, 
30HIz to5O Hz 
10 kHz to 250 kHz 


250 V to 1OOO V, 
30 Hz to 250 kHz 


Overload Capability 


50 Fiz ton Ok 
30 Hz to 50'Hz 

10 kHz to 50 kHz 
DO KiIz to Zo OlkEIz 


additional uncertainty after applying correction from 


Average-responding 
calibrated in 
rms of a sine wave. 


4s 


FANG T || VSN) = 
2MQ || 40 pF 
60 db max 


1 V to 10 V RMS for 
each decade range 


Approx. 300 


15 kQ 
== |-db, 
30)Hz to 250: KAZ 


100 mV to 1.0 V 
Approx. 10 kQ 
+0.5% 
+1.25% 
+1.25% 

At least 80 db. 
but not to 
exceed 1.3 kV 


AC 
O to 1000 V 


in 6 ranges 


10.00 mV 


BOriz to 250 kHz 


+0.25% 
+0.5% 
sin O55 
+1% 


+0.25% 


AC Rejection in 
DC Mode 


Common Mode 
Rejection 
(AC mode, | kQ 


source) 


Input Signal Isolation 


Warmup Time 


_ DC Mode 
AC Mode 


Stability 


Line voltage 


Recommended 
calibration period 


Maximum Ambient 
Temperature 


Power Requirements 


DC 
O to 1000 V 


in 5 ranges 
100.0 mV 
DC 


+0.25% 


chart 
+0.25% 


45 db, 60 Hz 
40 db, 120 Hz 


>100 db, 60 Hz 
> 60'db7 100 kiz 


Impedance between signal 
ground and case approx. 
600 pF || >100 MQ 
Max allowable voltage 


500,VP 


After 10 minutes the reading 
will be within +0.1% of the 
final value 


Usable as indicator at once 


Usable as indicator after 
] minute 


Less than | digit change per 
10% deviation from 115 V 


AC 1000 hours of operation 
DC 5000 hours of operation 


BOE MIF, 


115/230 50 Hztos@ riz 
52 W 


Mechanical Specifications 


Color 


Dimensions (ins) 
Weight (Ibs) 


Shipping wat. (lbs) 


Charcoal Gray Case, 
Light Gray Panel 


TOW AG sie? 2 
13 
18 


2. OPERATION 


2.1 Function of Controls 


MODE Switch 
OFF 


AMPL 
(ZERO) 


ENE 


+DC 
—DC 
RANGE 
Selector 


ZERO ADJ 


HOLD-READ- 
HOLD 


ZERO ADJ. 


HOLD SWITCH 


RANGE SELECTOR 


Turns power off 


Instrument operates as sensitive 
ac amplifier with ac output on the 
rear of instrument — zero adjust- 
ment can be set without discon- 
necting input signal 

Instrument operates as ac volt- 
meter, or ac to dc converter — 
DC output available on rear of 
instrument 


Instrument will indicate positive 
dc voltages 


Instrument will indicate negative 
dc voltages - 

Selects voltage range in AC, +DC 
and —DC modes — changes am- 
plifier gain in 20 db steps in 
AMPL (ZERO) mode 

With MODE switch in AMPL 
(ZERO) position this control is 
used to zero the voltmeter (OOO) 


3 position toggle switch disables 
the drive of the servo motor, pro- 
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SIGNAL GROUND 
CASE GROUND 


Ground Screw 


2.2 Connectors 
Input 


ducing reading retention — mo- 
mentary retention when switch is 
moved to left 


When fully tightened, connects 
signal ground /77 to case ground 


— 


Type BNC connector for signal in- 
put —- may be converted to bind- 
ing posts with Ballantine Model 
618 Adapter — signal ground post 
is connected to the low side of the 
BNC terminal 


On the rear of the instrument are several connectors 
(see Figure 15). Low terminals of the BNC connec- 
tors are connected to signal ground. 


DC Output 


AC Output 


External Hold 


Type BNC connector — DC out- 
put of ac to dc converter when 
MODE switch is in AC position 
Type BNC connector — AC out- 
put in AMPL mode 


Appliance type receptacle for con- 
nection of external reading reten- 
tion switch such as Model 1355 — 
Do Not Ground 


OFF RANGE 
INDICATOR 


MODE SWITCH 


INPUT CONNECTOR 


MODEL 618 


BINDING POST ADAPTER 


Fig. 3. Location of Controls 


2.3 Power Connection 


The voltmeter is supplied ready to operate on 105 V 
to 125 V, 50 Hz to 60 Hz power as indicated on the 
decal on the back of the case adjacent to the power 
cord. 


2.3.1 Line Voltage Conversion from 115 V to 
230 V or vice versa is possible. Instructions are 
given on the schematic diagram. For conversion 
to 230 V, loosen the two cover screws and re- 
move the cover from the instrument. The con- 
version lugs are mounted on the board at the 
rear on the left side of the instrument. (See 
Figure 13) 


Disconnect the black-red wire from termi- 
nal |. 


Disconnect the black-yellow wire from ter- 
minal 3. 


Connect both wires together to terminal 2. 


Replace fuse Fl, 0.6 ampere, Slo-Blo by 
0.3 ampere, Slo-Blo. 


2.4 Starting Procedure 


Insert the three-prong plug into the proper ac power 
outlet. Where only two-prong outlets are available, 
use a conversion unit. Move the MODE switch to 
AMPL (ZERO) position. The counter illumination 
light should be on. The instrument is ready for use 
after a short warmup period. 


2.4.1 Warmup Period 


The instrument is usable after approximately 
30 seconds. After 10 minutes the reading will 
be within +0O.1 % of the final value. 


For measurements of the highest accuracy or 
when the instrument has not been used for 
months or has been stored in high humidity, 
allow the instrument to warm up for an hour. 


Two independent bails serve as instrument feet 
for bench use. Either can be raised and used to 
tilt the instrument for convenience in reading. 
Do not fold these bails completely back unless 
the instrument is to be rack mounted, since the 
regular airflow would be obstructed if the volt- 
meter were to be used without feet on a flat 
surface. 


PERMIT AIR TO CIRCULATE FREELY 
AROUND THE INSTRUMENT AT ALL TIMES 
TO AVOID EXCESSIVE TEMPERATURE RISE. 


2.4.2 Zero Adjustment 


Before the instrument is used as a voltmeter 
and before measurements are to be made with 
highest accuracy, it is recommended that the 
zero adjustment be checked. For zero adjust- 
ment 


Set To 
MODE switch AMPL (ZERO) 
RANGE selector any range 


HOLD-READ-HOLD switch READ 


Set the zero adjustment until the readout dis- 
plays OOO +0.3 digits. There is no need to short 
the input or disconnect any leads or signals. 
The zero adjustment can be checked at any 
time by moving the MODE switch to AMPL 
(ZERO) position. (See also 2.7.4) 


If the instrument cannot be zeroed, humidity 
may have reached the servo amplifier printed 
circuit board and created spurious dc voltages. 
Normally the boards are sufficiently protected 
by a water repellent coating. However, if the 
instrument has been exposed to high humidity 
over an extended period of time, one hour of 
warmup should be allowed. 


2.5 DC Voltage Measurement 


DC voltage measurements can be made shortly after 
the instrument is turned on since this part of the 
voltmeter is fully transistorized and does not require 
a long warmup. For dc voltage measurement 


Set To 
MODE switch -+-DC or =DG 
RANGE selector 1000 V or fully clockwise 
HOLD switch READ 


Connect the voltmeter to the source and turn the 
range selector counterclockwise until an indication 
is obtained. While the counter is running the OFF 
RANGE indicator will be lit until balance is reached. 
If the first digit is zero, rotate the RANGE selector 
counterclockwise to the next lower range until a full 
three digit reading is displayed. An over-range of 
2% is provided. This means that the meter will read 
correctly at least up to 1020. If the reading is any 
higher or if the OFF RANGE indicator is on, switch 
to the next higher range. In case the instrument 
should read 9998 and the OFF RANGE indicator 
light is on, the polarity selected is wrong and the 
MODE switch should be switched to the opposite 
polarity. 
NOTE: NEVER USE THE READING WHEN THE 
OFF RANGE INDICATOR LIGHT IS ON, OR 
WHEN INTERNAL OR EXTERNAL HOLD IS 
RETAINING A PREVIOUS READING. 


2.6 AC Voltage Measurement 


For ac voltage measurement allow a warmup time 
of at least 10 minutes. Check the ZERO adjustment. 
To avoid ground currents and shorts, disconnect the 
signal ground from case ground by turning the 
ground screw fully counterclockwise. Use coaxial 
connections wherever possible. For voltage measure- 
ment 


Set To 


MODE switch AC 
RANGE selector 1000 V or fully clockwise 
HOLD switch READ 


Connect the voltmeter to the source and rotate the 
RANGE selector counterclockwise until an indica- 
tion is obtained. While the counter is running, the 
OFF RANGE indicator will be lit until balance is 
reached. If the first digit is zero, rotate the RANGE 
selector counterclockwise to the next lower range 
until a full three digit reading is obtained. An over- 
range of 2% is provided. This means that the in- 
strument will read correctly up to at least 1020. If 
the reading is any higher or if the OFF RANGE indi- 
cator light is on, switch to the next higher range. 


2.7 Possible Error Sources 


The causes of some obvious measuring difficulties 
are listed below. 


2.7.1 Readout Does Not Indicate if the instru- 
ment is turned off, not connected to the power 
line, no signal is applied to the input, the input 
signal is much lower than the range selected, 
the MODE switch is in the wrong position, or 
the internal or an external reading retention 
switch is in HOLD position. 


2.7.2 Readout Indicates 1030 if selected volt- 
age range is too low, or if high hum is picked 
up by the input circuit. 


2.7.3 Readout Indicates 9998 when the signal 
applied has the wrong polarity or the ZERO 
ADJ is misadjusted. 


2.7.4 Instrument Indicates Without Signal 
when the input is not properly shielded. With 
a shorted input the residual noise of the ac am- 
plifier in the AC mode produces a slight indi- 
cation of 001 to 003. The accuracy of the volt- 
age measurement is not affected by this noise 
as long as the voltmeter is not used below 10% 
of the full range, or as long as a three digit indi- 
cation is obtained when a signal is applied. It is 


recommended that the ZERO ADJ not be used > 


to set the indication to OOO in the AC mode. 


Because of the high sensitivity and wide band- 
width of the Model 355, other measuring errors 
may be introduced when proper measuring tech- 
niques are not used. This can prevent the utili- 
zation of the high accuracy of the Model 355. 
The most common error sources are listed below. 
A more comprehensive analysis of errors is giv- 
en in NBS Conference on Standards and Elec- 
tronic Measurement paper: Techniques and Er- 
rors in High Frequency Voltage Calibration by 


Dr. E. Uiga and W. F. White. A copy of the 
paper is available from Ballantine Laboratories 
without charge. 


2.7.5 Loading Error is caused by the input im- 
pedance of the voltmeter or the capacitance of 
the connecting leads. Loading makes the ter- 
minal voltage change when the voltmeter is 
connected. It also may detune or damp the 
cicuit being measured. 


The error produced by the input resistance will 


be below 0.1 % if the source resistance is below 
DacOn 


A capacitive loading error can be minimized by 
using low capacitance cables or, for ac voltages 
above 10 V, by using the Model 1301 high volt- 


age probe. 


2.7.6 Ground Current Error is caused by ground 
currents of signal or power line frequency which 
flow through the ground connection. This cur- 
rent develops a voltage drop in the ground con- 
nection which is measured together with the 
signal. To reduce this effect the ground current 
should be kept to a minimum and ground im- 
pedances should be kept as low as possible. The 
existence of the ground currents may be deter- 
mined by measuring the current with an am- 
meter or clip-on current probe. To reduce the 
ground currents, use Model 355 with signal and 
case grounds separated whenever possible. This 
is done by turning the panel ground screw fully 
counterclockwise. 


When separation of signal and case ground is 
not possible, connect all equipment in the setup 
to a common ground at one point, using ground 
leads as short as possible. A substantial im- 
provement is achieved by using a coaxial input 
connection. This is especially recommended for 
higher frequency measurements. Model 355 
has a coaxial input. Use this coaxial input 
wherever possible. For dc measurements the 
input may be converted to binding posts with a 
Model 618 adapter. 


2.7.7 Magnetic and Electrostatic Fields may 
cause pickup in the input leads or induce dis- 
turbances into the sensitive parts of the volt- 
meter. To reduce this effect, use coaxial, 
shielded, twisted or closely-spaced input leads. 
Do not place the voltmeter close to strong 
sources of magnetic or electrostatic fields. The 
most sensitive part of the voltmeter is the lower 
part where the low level circuitry is located. 


2.7.8 Thermal EMF may cause errors in low 
level dc measurements if, at the voltmeter input 
or at the circuit under test, leads of dissimilar 
material are used which have junctions at dif- 
ferent temperatures (Seebeck effect). Copper 
leads throughout or a uniform temperature will 
usually reduce these errors to an acceptable 
level. 


2.7.9 High Ripple or AC Superimposed on DC 
Signal can produce errors which may make ad- 
ditional filtering necessary (see 2.12). 


2.8 Effect of Harmonics 


If the signal is distorted, harmonics of the signal 
may produce measurement errors. The Model 355 
is average-responding but is calibrated to read the 
rms of a sine wave. If the source has distortion ex- 
ceeding 5%, noticeable differences (up to 1.5%) 
between average and rms value can exist. The error 
depends on the amplitude, phase and frequency of 
the harmonics. Figure’4 shows the difference be- 
tween rms and average response with second and 
third harmonics present. 
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Fig. 4. Response and Waveform Error 


2.9 Measurement of Noise and Random Signals 


For accurate measurements of highly distorted sig- 
nals or noise, the Ballantine True RMS Voltmeter 
Model 320A or Model 350 is recommended rather 
than Model 355. (See also: “How to Measure Noise 
with a VTVM" by Endel Uiga, Electronic Equipment 
Engineering, Oct. 1962, p. 87.) 


2.10 AC Overload Considerations 


The instrument is designed to withstand severe over- 
load without damage to any components. The maxi- 
mum ac voltage which may be applied to the instru- 
ment in the millivolt ranges is limited by the maxi- 
mum allowable voltage at the grid of the first tube. 
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For an extended time, this voltage should not exceed 
35 V. However, the input tube will not be damaged 
by higher voltages applied for shorter periods, and 
tests have shown no change in instrument perform- 
ance after 8 hours of overloading the 10 mV range 
with 500 V. 


2.11 DC Component of the AC Input Signal 


In AC mode the voltmeter does not measure the dc 
component of the signal. The maximum dc voltage 
which can be safely applied is 600 V. If the dc com- 
ponent of the signal is higher, a capacitor of at least 
O.1 »F, together with a 10 megohm resistor, should 
be connected to the input as shown in figure 5. 
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Fig. 5. Blocking a High DC Voltage 


2.12 AC Component of the DC Input Signal 


The input filter of the dc voltmeter will usually be 
sufficient to avoid errors caused by a large ac signal 
superimposed on the dc signal. To limit errors to 
0.25% the ac component should not exceed the 
values given in Table |. 


TABLE | 
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2.13 High Voltage Measurement 


If measurements above 250 V are to be made, cer- 
tain precautions should be taken to protect operator 
and instrument. 


Make sure before connecting the signal that the cor- 
rect voltage range and mode have been selected. 


If a large common mode voltage is to be expected, 
remember that all outputs and some screws on the 
back panel are connected to signal ground. Separate 
signal and case ground, but make sure that the case 
is eventually grounded. 


At voltages above 300 V the accuracy of the de and 
ac voltmeter as well as the ac to dc converter and 
amplifier will be less than for lower voltages. This 
accuracy degradation is the result of a temperature 
rise in the attenuator R3. Since the power dissi- 
pated will not raise its temperature instantaneously, 
some drift will be noted before a stable indication 
or output occurs. Accuracy correction for this effect 
can be made by using figure 6 showing the error in 
percent of reading and digits as a function of the 
voltage applied. To obtain the true input voltage 
subtract the error shown in figure 6 from the in- 
dicated input voltage. 
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Fig. 6. Error of Indication as Function of the 
Input Voltage 


This correction applies to both ac and dc readings 
as well as to converter and amplifier modes. 


If ac voltages higher than 1000 V are to be measured 
the Ballantine Model 1301 is recommended. This 
capacitive divider extends the range of the Model 
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If dc voltages higher than 1000 V are to be measured 
external dividers should be used. Do not use the un- 
marked dc range, even though it provides an addi- 
tional 10:1 extension, since voltage ratings of re- 
sistors, switches and capacitors will be exceeded. 


2.14 Differential Voltage Measurement 
2.14.1 DC Measurement 


The Model 355 signal and case grounds are 
separated. Internal shields are used to prevent 
a common mode voltage appearing between 
case and signal ground that could influence 
the sensitive parts of the voltmeter. However, 
the low side of the outputs are connected to 
signal ground. Therefore, when making dif- 
ferential voltage measurements, disconnect 
any leads connected to these outputs unless 
special precautions are taken to prevent shock 
hazards and external shorts between signal 
ground and case ground. To separate signal 
and case grounds the grounding screw on the 
front panel of the Model 355 should be fully 
counterclockwise. The maximum common 
mode voltage which can be tolerated between 
signal and case ground is 500 V peak. 


The common mode rejection depends on the 
frequency and amplitude of the common signal 
as well-as on the source impedance of the sig- 
nal circuit. If acommon mode voltage of 25 V 
is introduced between signal ground and case 
ground, its effect on the measured signal can 
be noted. On the most sensitive range and 
for a signal with | kQ source resistance the 
common mode rejection is shown in Table II. 


TABLE II 
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In DC mode the impedances at balance are 
approximately as follows: 
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Fig. 7. Equivalent Input Circuit for DC Mode 


as seen by a 1 kHz Signal 


2.14.2 AC Measurement 


Precautions mentioned under DC measure- 
ment (2.14.1) should be observed. The com- 
mon mode rejection depends on frequency 
and amplitude of the common mode signal as 
well as the source impedance of the signal 
circuit. For a source with 1 kQ source resis- 
tance the common mode rejection is shown in 
Table Il. Equivalent input circuits are shown 
in figure 8. All measurements were made at 
] kc. While the capacitive component of the 
input impedance stays fairly constant the 
resistive component changes with frequency 
as shown in figure 9. 
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Fig. 8. Equivalent Input Circuit for AC Mode 
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(AC Mode) 


2.15 Measuring Sources Connected to the 
Power Line 


When measuring sources which have a connection 
to the power line, the third prong of the line cord has 
to be considered. It is connected to the case and, 
if the ground screw on the front panel is tightened, 
to the signal ground. In case the low terminal of the 
source has any potential to the ground, a ground 
current may flow through the chassis if it is 
grounded. This can disturb the measurement or, in 
extreme cases, cause short circuits. This condition 
of measurement should be avoided. See paragraph 
2.14. 


2.16 Input Impedance 


2.16.1 DC Mode 


For dc the input resistance is 2 MQ on all 
ranges, except the most sensitive range. Here 
the input resistance will be approximately 
650 kQ if off balance, increasing to 2 MQ 
when balance is reached. For the three termi- 
nal input the equivalent circuit at 1 kHz is 
shown in figure 7. 


2.16.2 AC Mode 


The input impedance of the instrument in ac 
mode depends on the range selector setting 
and on the frequency of the signal. At dc the 
input resistance is approximately infinite. At 
low frequencies and the 10 mV range the in- 


put impedance is represented by 2 MQ shunted 
by 40 pF; on all other ranges by 2 M® shunted 
by 25 pF. The capacitive component changes 
very little with frequency. The change of the 
resistive Component with frequency is shown 
in figure 9. A simplified equivalent circuit for 
the three terminal input is shown in figure 8. 


2.17 Effect of Line Voltage 


The instrument is operative with line voltages of 
100 V to 130 V or 200 V to 260 V. Line voltage vari- 
ations from the specified operating voltage 115 V 
or 230 V affect the accuracy of the instrument at 
midband frequencies or at dc typically less than 0.5 
digits per 10% line voltage change. 


If the line voltage drops below 100 V or exceeds 
130 V, a large amount of jitter may be noticeable. 
The instrument should not be used under these con- 
ditions. (See also adjustment of R102, 4.4.2.) Vari- 
ations in the line frequency (45 to 65 Hz) will nor- 
mally not affect the operation of the instrument. 


2.18 Use as AC to DC Converter 


By using the dc output accessible in the rear of the 
instrument the Model 355 can be operated as an 
accurate ac to dc converter. The dc output voltage 
is available at the BNC output connector any time 
the instrument is in AC MODE. For a full range in- 
dication (1000) the available dc voltage is —1.0 V 
+0.5%. This voltage will be proportional to the ac 
signal down to an output voltage of —100 mV. The 
10 to 1 range of ac to dc conversion may be ex- 
ceeded by 10% at each end without affecting the 
linearity. Change the range selector if the limits 
are exceeded. 


Figure 10 shows typical deviations from true linear 
conversion and can be used to correct for linearity 
errors. 


=10) 


=O 


- 0.4 


% OF INDICATION 


5 lO 20 
INPUT SIGNAL (% OF FS) 


Fig. 10. Converter Linearity at 1 kHz 


For some devices connected to the dc output, the 
ripple-of the dc voltage may prove excessive at low 
frequencies. The ripple can be reduced by connect- 
ing a capacitor (not to exceed 30 »F) across the in- 


put of the monitoring device. However, this capaci- 
tor may accumulate a charge under open circuit 
conditions. If it discharges suddenly through the 
monitoring device (i.e., moving coil meter) damage 
could result to this device. 


The de output impedance of the Model 355 is ap- 
proximately 10 kQ. Table Ill shows the loading 
errors for some typical load impedances. 


TABLE Ill 
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Load Impedance} 1 M2 | 2MQ | 5 MQ |10 MQ 
Drop of DC 
Output Voltage 1% 105% 102% |0.1% 


2.19 Use as AC Amplifier 


The Model 355 may be used as a stable, wideband 
amplifier. 


Set To 
Function Switch AMPL 


Range Selector According to the Input 


Voltage or Desired Gain 


Output BNC Connector in Rear 
The gain of the amplifier is determined by the set- 
ting of the range selector and the load impedance. 
With the range selector set to 10 mV FS position, 
the maximum gain into an unloaded output is 1000, 
or 60 db. Switching to higher voltage ranges will 
decrease the gain in 20 db steps. The voltage at the 
amplifier output is 10 V for an input signal which 
produces a full range indication in the voltmeter 
mode. The next higher voltage range should be se- 
lected if the voltmeter reads above scale, in order 
to avoid overloading the amplifier. The lowest out- 
put voltage is limited by the noise output, which is 
in the order of 10 mV. 


2.20 Current Measurements 


Using Ballantine Series 600 Precision Shunt Resis- 
tors, ac or dc currents from 10 pA to 10 A can be 
measured. These and other accessories are described 
in the general Ballantine catalog. 


2.21 Reading Retention 


The 3-position toggle switch on the front panel of 
the instrument, marked HOLD-READ-HOLLD is used 
for reading retention. Moving the switch to the left 
disables the motor drive as long as the switch is held 
in this position. Thus a momentary reading reten- 
tion is obtained. If the toggle switch is moved to the 
right the switch will hold the reading permanently 
until the switch is returned to its center READ 
position. 


This switch should be used 


as standby switch to avoid noise and unnecessary 
wear of the readout display and precision poten- 
tiometer 


if series of measurements are to be made, all volt- 
ages being of approximately equal magnitude 


if stability tests are being conducted, and it is ad- 
vantageous to observe the change from the pre- 
vious reading 


if the instrument is being used as an ac to dc con- 
verter and there is no need for simultaneous read- 
out. 


In addition, and especially for production line 
measurements or .in connection with a measuring 


system, an external switch can be connected at the 
rear of the Model 355 to the appliance type con- 
nector marked EXTERNAL HOLD. 


If a foot switch such as Ballantine Model 1355 is 
wired to this connector in such a way that its con- 
tacts are normally closed, the voltmeter will read 
only if the the foot switch is depressed (‘’Press to 
read’ switch). This type of connection has the most 
applications. Similarly, if the contacts selected are 
normally open the voltmeter will stop reading the 
moment the switch is activated. 


If an external switch is being used, the panel HOLD 
switch, which is in parallel with it, should be in the 
READ position. 


Any external switch used should be able to carry at 
least 250 mA ac current at 10 V. 


3. CIRCUIT DESCRIPTION 


The basic voltmeter circuits are shown on a simpli- 
fied diagram, figure 11. A complete schematic and 
a replacement parts list are at the end of the in- 
struction book. The basic parts of the voltmeter are: 


3.1 Input Attenuators 


The signal is fed from the front panel BNC connec- 
tor to the input attenuators. If the instrument is 
used in AC MODE a dc blocking capacitor is used. 
Three independent dividers are used. In the most 
sensitive range the signal passes without attenua- 
tion. 20 db attenuation is provided on the following 


INPUT : MODE 


range (100 mV ac, 1 V dc) by RI and R5. For fre- 
quencies above 15 kHz the capacitors C2 and 
C6 take over and determine the attenuation. Simi- 
larly, inthe 1 V ac or 1O V de range R2 — C4, R6 — 
C7 produce 40 db attenuation. In the three remain- 
ing ranges the lower half of the attenuator is tapped 
and 60, 80 and 100 db attenuation is obtained 
through R3 — C5 and R7, R8, R9 paralleled by C8. 
The last (100 db) position is used in AC MODE 
only. The small capacitor C9 corrects for the capac- 
itive load of the amplifier input. All resistors are of 
the hermetically-sealed type and carefully matched 
in resistance and temperature coefficient. 
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3.2 AC Amplifier 


The amplifier is a four stage feedback amplifier 
with tubes V1, V2, V3 and V4. In midband each 
tube is stabilized by at least 8 db of local feedback 
in addition to approximately 32 db of overall loop 
feedback. The gain of the amplifier is adjusted by 
R14 and R18. L2 adjusts the high frequency re- 
sponse. 


3.3 Rectifier Circuit 


The signal rectifier consists of a dc blocking capaci- 
tor C26 and signal rectifier diodes CRI and CR2, 
connected to the plate of V4 through the mode 
switch S2. The circuit is average-responding. The 
positive dc signal is divided by R51 and R50 and 
measured by the dc voltmeter section. The negative 
dc signal is fed to the dc output through a filter net- 
work consisting of C33, 34, 35 and R56, 57. 


3.4 Filter 


If the mode switch S2 is in the dc position the output 
of the input attenuator is fed into the input of the 
servo voltmeter through a filter. This low pass filter 
is of the notch type and provides maximum damping 
between 50 Hz and 60 Hz. V6 is a small neon lamp 
and protects the circuit in case the wrong voltage 
range or mode is selected. The output of this filter 
is compared to an adjustable reference voltage by 
a 50 to 60 Hz mechanical chopper. The chopper 
contacts are protected by CRI6 and CRI17. 


3.5 DC Reference 


The heart of the dc reference is a temperature com- 
pensated zener diode CR15 producing approximately 
9V DC. It is fed from a fixed current source with 
transistor Q2 and zener diode CRI4. R66 has a 
temperature coefficient, which compensates for 
temperature effects of Q2 and CR14. The fixed ref- 
erence voltage is reversed in the mode switch S2 for 
—DC voltage measurements. A divider (R81, R82 
and R83) divides the voltage down to 100 mV DC. 
This voltage is further divided in the motor driven 
10 turn potentiometer. The motor adjusts the dc 
output voltage on R87 until it is equal to the dc input 
signal appearing on the output of the filter. R88 is 
a zero adjustment and nulls out potentiometer end 
resistance and spurious dc voltages. R85 can be 
used to equalize the zero for positive and negative 
de voltage measurements. 


If the system is unbalanced, the reference voltage 
on R87 will not be equal to the input signal. The 
chopper comparing the two voltages will then pro- 
duce a 60 Hz square wave ac signal varying in phase 
depending on whether the input signal is larger or 
smaller than the reference voltage. This difference 
ac signal is amplified in the servo amplifier. 


3.6 Servo Amplifier 


The servo amplifier is a high gain seven-stage tran- 
sistor amplifier. Transistors Q3 and Q4 are direct 
coupled and provide a high input impedance in a 
cascaded emitter-follower configuration. The fol- 
lowing three stages, Q5, Q6 and Q7, produce a volt- 
age gain of approximately 80 db (10,000). The 
gain is adjustable by R102 which increases or de- 
creases the amount of local feedback at Q5. Driver 
and power transistors Q8 and Q9 are again direct 
coupled. The collector load of Q9 is the servo motor. 
C71 and C72 neutralize the inductive load. If the 
difference signal is large enough, corresponding to 
an off range condition, indicator I] will light. 


3.7 Motor and Counter 


The output of the servo amplifier drives one winding 
of the induction motor (control winding). The other 
winding is excited by the reference voltage. Depend- 
ing on the phase of the amplified difference signal 
on the control winding, the motor will turn right or 
left. The motor is coupled with 10.3:1 reduction to 
a precision 10-turn potentiometer. If chopper, po- 
tentiometer and motor are phased correctly, the 
difference signal produced by the chopper will de- 
crease until balance is achieved or the end stop of 
the 10-turn potentiometer is reached. 


A turns counter is connected to the motor shaft to 
obtain a digital readout that is a function of the set- 
ting of the multiturn potentiometer. 


3.8 Power Supply 


The power supply provides several stabilized and 
unstabilized supply voltages. 


300 V AC is used for mode and decimal point dis- 
play. This 300 V is also rectified and stabilized 
with an OA2 glow discharge regulator (V5) for the 
150 V DC as B+ supply of the ac amplifier. The 
filaments of all tubes are series connected and 
driven from a constant current source using a high 
power transistor QI as regulator and the zener diode 
CR13 as reference. The filament current may be 
adjusted with the combined resistors R62 and R63. 
Any one or all filaments can be short circuited with- 
out damaging the circuit. 


A similar current source is used to drive the temper- 
ature compensated reference element CRI5, with 
R65 added to improve the regulation. 


The dc supply voltage for the servo amplifier is de- 
rived from a bridge rectifier circuit. The ac supply 
voltage drives the motor reference winding and, 
through phasing capacitors C44 and C45, the chop- 
per as well. The value of these capacitors is critical 
since it determines the voltage on the chopper drive. 
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4. MAINTENANCE. 


4.1 General 


The Model 355 is designed for extended, trouble- 
free service. All components are operated well below 
ratings. Operation for more than 3000 hours may 
be anticipated without need for component or tube 
changes. 


The purpose of periodic maintenance procedures is 
to assure the specified accuracy, check the condition 
of the voltmeter and detect and replace deteriorated 
tubes or components before they have an appreciable 
effect on the instrument’s performance. The pro- 
cedure is designed not only to measure and correct 
voltmeter performance at the time of test, but to 
foresee the possible troubles and guarantee the in- 
strument accuracy through the next maintenance 
period. 


4.2 Recommended Maintenance 


Maintenance should be performed every 1000 hours 
of operation, corresponding to a semi-annual check 
if the instrument is being used 8 hours every work- 
ing day. 


Because of the instrument’s high accuracy, calibra- 
tion equipment may not always be available to con- 
duct a complete recalibration. If this is the case, 
maintenance should be limited to a check of the 
de accuracy (4.4.2) and the instrument returned to 
Ballantine Laboratories for a complete calibration. 


4.3 Necessary Maintenance Equipment 


4.3.1 Stable, calibrated dc voltage source, ad- 
justable from 100 mV to 100 V. Accuracy 0.1 % 
or better. Source impedance below | kQ. Bal- 
lantine Model 421 Precision Voltage Calibrator 
can be used. 


4.3.2 Stable, calibrated ac voltage source, fre- 
quency between 400 Hz and 1 kHz voltage ad- 
justable from 10 mV to 100 V. Voltage cali- 
bration accuracy +0O.1% or better. Ballantine 
Model 421 Precision Voltage Calibrator is 
recommended. 


4.3.3 DC Voltmeter — range 0 to 500 V, accu- 
racy +3%, input resistance 10 MQ or higher. 
Ballantine Model 365 is recommended. 

4.3.4. Tube tester to measure tube transcon- 
ductance and grid current. 


4.4 1000 Hour Tests 


4.4.1 Tube Test 


Loasen the two Phillips head screws on the top 
of the instrument and remove the cover. Re- 
move all four 6AU6A amplifier tubes. Identify 
all tubes so that they can be returned to their 
original sockets. Check the tubes for transcon- 
ductance and grid current. Replace tubes if the 
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transconductance is below the minimum limit 
specified by the manufacturer. Tube replace- 
ment does not require a frequency response test. 
Replace the cover. Leave screws off temporarily. 


4.4.2 DC Accuracy Test 


Allow the instrument (with cover on) to warm 
up for at least 30 minutes. Check the zero ad- 
justment (see 2.4.2). Feed in an accurate dc 
signal 100 mV +=0.1 %. 


Set To 
MODE Switch UG 
RANGE Selector 100 mV (most sensitive) 
HOLD Switch READ 


The readout should indicate 100.0 mV +1 digit. 
Check the resolution. Approach the reading 
from below and above 100 mV. Note the dif- 
ference in the two readings. If the difference 
exceeds | digit (.1%) readjust the Resolution 
Adjustment R102 accessible through the bot- 
tom of the instrument. 


If this control is set too high an excessive 
amount of jitter may be noticed because of 
the limited resolution of the multiturn poten- 
tiometer and the noise of the servo amplifier. 
To avoid unnecessary wear of the readout, use 
the minimum resolution needed for repeat- 
able readings. 


If the average of the two readings deviates from 
100.0 mV by more than 1 digit readjust the 
DC Accuracy Adjustment R82. This control is 
accessible after removal of the cover. It is lo- 
cated on the left side of the instrument on a 
small printed circuit board. A small Phillips 
head screwdriver is recommended for the ad- 
justment. Replace the cover and recheck the 
adjustment after 10 minutes. 


4.4.3 AC Accuracy Test 


After warmup and dc accuracy test, the ac ac- 
curacy can be checked. 


Set To 
MODE Switch AC 
RANGE Selector 10mV (most sensitive) 
HOLD Switch READ 


Using coaxial connections, feed in an accurate 
400'Hz to 1 kHz signal of lO’mV =-0)1 9) ine 
instrument should indicate 10.00 mV +0.2%. 
If the reading deviates by more than 2 digits, 
readjust the AC Accuracy Adjustment R14. 
This control is accessible after removal of the 
cover. It is located on the left side of the in- 
strument on a small printed circuit board. A 
screwdriver can be used for adjustment or the 


control can be turned by hand. Set the control 
until the counter indicates 10.00 mV = 12 digit. 
Recheck the adjustment after replacing the 
cover and allowing an additional warmup. 


4.4.4 Attenuator Accuracy Test 


The use of Ballantine 421 is recommended. If 
this instrument is not available, the test can 
be conducted using a voltage source between 
400 Hz and | kHz and an accurate ratio trans- 
former. Allow sufficient warmup time for both 
instruments. Feed a 10 mV rms signal into the 


Model 355. 


Set To 
MODE Switch AC 
RANGE Selector 
HOLD Switch 


10 mV (most sensitive) 
READ 


Note the indication. Check all other ranges at 
full range. For the highest voltage range a 
downrange reading may be sufficient. All read- 
ings should be within 2 digits. If the error 


spread is higher, V1] may be drawing grid cur- 
rent or one or more attenuator resistors may 
have shifted. In this case the instrument should 
be repaired according to paragraph 5.9. 


4.4.5 Noise Test 


Set To 


MODE Switch AC 
RANGE Selector 1000 V 
HOLD Switch HOLD 


Using a dc voltmeter, measure the dc voltage 
on the converter (dc) output at the rear of the 
instrument. This is the type BNC connector 
marked “‘DC’’. The dc voltage should be be- 
tween —1.5 and —2.5 mV. If a sensitive dc 
voltmeter is not available, the noise can also be 
checked in amplifier mode with a sensitive ac 
voltmeter connected to the ac output. AC noise 
is typically 10 mV. (See also 2.7.4 and 4.4.2.) 
If the noise is excessive the most likely cause 
is the input tube V1. 


5. SERVICE AND TROUBLESHOOTING 


5.1 General 


In case of voltmeter malfunction, servicing by the 
user is feasible, provided skilled personnel and 
recommended equipment are available and the 
procedures outlined below are followed. However, 
it should be pointed out that described procedures 
are only simplified outlines of service and calibra- 
tion. Refined service and comprehensive calibration 
require special equipment which may not be avail- 
able to the user. Therefore, if this is the case, or if 
trouble develops which cannot be corrected by the 
simplified methods outlined here, or when most ac- 
curate calibration of the voltmeter is needed, it is 
recommended that the voltmeter be returned to 
Ballantine Laboratories for service and recalibra- 
tion. The instrument should in all cases be preceded 
by a letter giving the exact nature and symptoms of 
the trouble (see Section 6 for shipping instructions) . 


WARNING: When the instrument is operated 
without the case, the danger of electric shock 
exists. USE EXTREME CARE. The highest volt- 
ages are 300 V AC, 350 V DC. 


5.2 Line Voltage Conversion 


Instructions are also given on the schematic diagram 
at the end of this instruction book. 


For conversion to 230 V: 


Disconnect black-red wire from terminal 1 and 
black-yellow wire from terminal 3. Connect both 
together to terminal 2. 


Replace fuse Fl, 0.6 ampere, Slo-Blo, with a 0.3 
ampere Slo-Blo. 


5.3 Tube Replacement 


Replacement can be made with any tubes which 
meet manufacturer's specifications. No selection is 
needed. When several tubes are changed, and the 
transconductance of all changed tubes happens to 
be abnormally high or low, the voltmeter sensitivity 
may change slightly (up to 0.2%). This change 
may be corrected by setting the ac accuracy adjust- 
ment according to 4.4.2. 


When V1 has been changed, check for noise (see 
4.4.5). Do not replace tubes which check normal. 


5.4 Fuse Replacement 


To replace fuse, unscrew the fuseholder cap on the 
rear panel and pull out the fuse. For replacement, 
use: 


For 115 V operation, 0.6 ASlo-Blo ¥4"’ x 1 ¥4” fuse 
For 230 V operation, 0.3 ASlo-Blo 44" x 1 4%" fuse 


Investigate and correct the cause of fuse failure be- 
fore replacing the fuse. At 115 V the voltmeter 
normally draws 430 mA line current. 


5.5 DC Voltage Check is needed when voltmeter 
shows a malfunction which cannot be corrected by 
tube replacement. Determine from the block dia- 
gram the section of the instrument involved. 


5.5.1 For the dc voltage check, remove the 
cover, remove the L-shield on tube V1 socket 


or the shield on top of the servo amplifier. Con- 
nect the voltmeter to 115 V +3 V power, short 
the input terminals and 


Set To 


MODE Switch AMPL 
RANGE Selector 10 mV 


5.5.2 Measure the voltages on all tubes and 
transistors with a dc voltmeter. Compare the 
result with the values given on schematic. They 
should agree to 15%. If any voltage is out- 
side the 15% limit, check the associated tube, 
transistor and components until the reason for 
the deviation is found. 


5.5.3 Check the grid current and biases of the 
tubes by measuring the grid voltages. The dc 

_ voltages on the control grids are typically be- 
low 50 mV. 


Replace all shields after the trouble is located. 


5.6 Signal Tracing 


Signal tracing is recommended when a voltmeter 
malfunction shows up in AC mode only and cannot 
be found by dc voltage check. For signal tracing, 
remove the case, connect the voltmeter to 115 V 
power, apply 10 mV +1%, 1 ke signal to the input. 


Set To 


MODE Switch AMPL 
RANGE Selector 10 mV 


Use a sensitive ac voltmeter to measure the pin volt- 
ages. They should agree to within +5% of the 
values marked on the schematic. 


CHEGKBAEL SY OL RAGESe Ii NSE AGEAM- 
PLIFIER when measuring ac voltages because, in a 
feedback amplifier, trouble in one stage may affect 
the ac voltages elsewhere in the circuit. Therefore, 
location of an incorrect ac level does not necessarily 
pinpoint a trouble location. Because of negative 
feedback the ac voltages are usually high in the 
stages preceding the actual trouble spot. 


If the signal voltage measures normal at the ac 
amplifier output but incorrect indication is observed, 
check the rectifier circuit (CRI and CR2) and the 
de output. 


5.7 Chopper Replacement 


The chopper used in the Model 355 is the hermeti- 
cally sealed, plug-in type and is relatively uncritical. 
It is used to switch the servo-amplifier input alter- 
nately to reference and unknown voltage. Replacing 
the unit makes a check of the zero adjustment and 
resolution necessary. 


A defective chopper may produce any of the follow- 
ing symptoms: 


No de or ac reading 
Large jitter in DC mode at all voltages 


More than 2 digits discrepancy between +DC and 
—DC measurements 


Slow running display, poor resolution 


5.8 Removal of the Escutcheon Plate is required 
when attenuator adjustments have to be made, or 
if the motor assembly is to be exchanged. 


For removal of the escutcheon plate: 
Turn OFF The Instrument. 
Remove all 3 knobs and 2 dials. 
Take off the cover. 


Remove the two #4 flat head screws on the 
right and left top corners of the front frame, and 
then remove the two #4 binder head screws on the 
bottom of the instrument. 


Unplug the 9 pin connector supplying power to 
the escutcheon plate. Danger exists if instrument 
has not been turned off. 


Pull out the escutcheon plate. 


The locations of the controls underneath the es- 
cutcheon plate are marked on the photograph (fig. 
12) at the end of this instruction book. 


5.9 Repairs on Attenuators 


The resistors used in the attenuators have been se- 
lected and factory-matched for resistance value 
and temperature coefficient. If the dc resistance 
measurement of RI to R9, except for R4, shows 
deviations greater than 1 % and the attenuator has 
been found to be in error, we recommend sending 
the instrument back to the factory for repair. 


If the instrument has been out of use for an ex- 
tended time, and/or stored in an atmosphere con- 
taining sulphur, the range selector can become in- 
termittent and produce shifts in indication when 
tapped. This condition can usually be overcome by 
rotating the switch several times, since its contacts 
are self-cleaning. Otherwise, the switch contacts 
should be carefully cleaned using alcohol or any 
recommended contact cleaner. 


Often mistaken as an intermittent range selector 
switch is a condition which produces sudden “’kicks’’ 
on the meter when the range selector is rotated. 
Most of the time this is caused by grid current in V1 
or by excessive leakage current of Cl rather than 
by a defective switch. 


NTAg 


5.10 Voltmeter Frequency Response Adjustment 


Since the ac amplifier frequency response extends 
well beyond its specified limits and generous 
amounts of local and overall feedback are used to 
stabilize the instrument, even a complete tube 
change will not make a readjustment of the fre- 
quency response of the ac amplifier necessary. How- 
ever, if a consistent frequency response error is 
noted on all ranges above 200 kHz and accurate 
calibration equipment is available, the ac amplifier 
high frequency adjustment L2 can be used to cor- 
rect this error. L2 is a small coil located between 
the two accuracy adjustments on the small printed 
circuit board on the left side of the voltmeter (see 
figure 13). L2 uses a coil lock which should be 
loosened prior to the adjustment. Lock the slug 
again after adjustment. Make the adjustment pref- 
erably on the 10 mV range and close to full range 
indication 10.00. 


5.11 Attenuator Frequency Response 


The attenuator high frequency response is not ex- 
pected to require readjustment. However, if accu- 
rate calibration equipment is available and the am- 
plifier response has been found flat, but large fre- 
quency errors were noted in one or more attenuator 
ranges, the attenuator high frequency adjustments 
C3, C4 and C5 can be used to correct the frequency 
response above 15 kHz. An insulated screwdriver 
should be used as an adjustment tool. (A 3/16 inch 
diameter insulated rod which has been slotted at one 
end, .04’’ wide and g"’ deep, should serve as adjust- 
ment tool for C3 and C4 in serial #201 to #300.) 
The adjustment is extremely critical. All shields 
have to be in place, but the escutcheon plate should 
be removed (see 5.8). The location of the attenu- 
ator high frequency adjustments is shown in figure 
12. The small strip covering the adjustment holes 
can be swiveled to the side. It should be returned to 
the original position after adjustment. 


C3 affects the 100 mV range only 
C4 affects the 1 V range only 
C5 affects the 10 V, 100 V and 1000 V range 


The attenuators change from resistive to capacitive 
dividers at approximately 25 kHz. Therefore the 
capacitive adjustment should be made at 50 kHz 
or higher. 


5.12 Replacement of Indicating Lights 


5.12.1 Overrange Indicator bulb can be re- 
placed after removal of the cover. It is a 
lamp of the bayonet type. If burned out it 
may affect the reading speed and resolution. 


To avoid this, the light should always be kept 
in working condition. It is a GE #291 or 
#1804 lamp. 


5.12.2 Counter illumination 


The light bulb used to illuminate the counter 
readout is operated far below rating and should 


normally not require replacement. However, 
if for any reason the bulb should fail, remove 
the escutcheon plate (see 5.8) and replace the 
bulb, bayonet type #1820. 


5.12.3 Display Lamps 


The bulbs used to illuminte A, C, D, mV and 
the decimal points are all of the NE2H neon 
type and should provide a long service life. 
Except for the decimal points, the bulbs can 
be easily exchanged after removal of the es- 
cutcheon plate (see 5.8). The bulbs used for 
the decimal point indication are cemented in 
place and are more difficult to replace. In case 
of trouble a new counter cover assembly with 
mounted decimal points should be procured. 


5.13 Transistor Replacement 


All transistors except for Q3 and Q4 can be replaced 
with standard units as indicated in the parts list. 
Q3 and Q4 have been selected for low noise and 
should be procured from Ballantine Laboratories di- 
rectly. However, transistor failures will be extremely 
infrequent. Double check the transistors prior to re- 
moval and after, to make sure that the trouble is 
not actually somewhere else. 


5.14 Repairs on Motor-Counter Assembly 
5.14.1 General 


Motor-counter assembly is a mechanically 
moving part and, if in continued use, is subject 
to wear. Use of the foot switch (Model 1355) 
— especially the ‘press-to-read’’ mode — will 
increase the life of counter and multiturn po- 
tentiometer. The motor-counter assembly can 
be procured as a complete subassembly from 
Ballantine Laboratories. (State model and 
serial number of the instrument — see 8). 
If only the leaf-springs or the multiturn po- 
tentiometer are to be renewed, a complete 
removal of the unit is not necessary. After 
removing the escutcheon plate these parts are 
accessible. However, if the counter shows ex- 
cessive wear the unit may have to be removed 
for repair or exchange. 


5.14.2 Removal of the Motor-Counter 
Assembly 


Remove the escutcheon plate (see 5.8). 


Remove the four #2 screws which hold the 
counter cover and decimal points in place. 


Unsolder the four leads from the 9 pin socket 
which lead to the motor 


Pin 9 BROWN 
Pin 8 BLACK 
Pinus RED 
Pine YELLOW 


Loosen the three binder head screws which 
hold the motor assembly in place (see figure 
12). Note the three washers used. Unsolder 
three leads from the ten-turn potentiometer 
(colors from left to right — black, orange, 
white - red- violet). Remove the assembly to- 
ward the front. 


To remount the assembly, proceed in reverse 
order. 


5.14.3 Replacing the 10-Turn Potentiometer 
R87 


Turn the gear by hand until the counter reads 
approximately OOO. Using an Allen wrench, 
loosen the two set screws which hold the gear 
assembly to the potentiometer shaft. Loosen 
the nut of the potentiometer, using a 2” 
across flats open end wrench. 


Unsolder the three leads (see 5.14.2). The 
aluminum sleeve is normally supplied with the 
replacement potentiometer. 


When replacing the potentiometer turn it fully 
counterclockwise. Let the terminals face away 
from the counter. Push the shaft through the 


mounting hold and slide lockwasher and nut 
on. Tighten nut securely. Slide on the gear 
assembly. Hold the potentiometer shaft fully 
counterclockwise and rotate the gear until the 
counter reads 9998 +0.5 digits. Then tighten 
the set screws of the gear. Recheck the set- 
ting and free run of the assembly. The two 
screws which hold the mounting bracket can 
be used, within limits, to adjust for proper 
center spacing of the engaging gears. 


5.15 Bail Adjustment 


A front and rear bail are used on the instrument to 
provide both feet and a tilting device. If the instru- 
ment is to be rack mounted, these bails fold back 
into the instrument. If rack mounting, make sure 
that none of the metal of the bail touches the shields 
on the inside of the instrument. This would prevent 
a separation of signal and case ground and might 
produce short circuits. 


Since the airflow would be restricted, do not use the 
instrument on the bench with bails folded back. If, 
in the tilted up position, the instrument collapses too 
easily, tighten the flat head screws which hold the 
mounting blocks of the bails. 
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TABLE IV 


TROUBLESHOOTING CHART 


Symptom 


DC Voltmeter operates normally, 
but 
In ac mode noisy, all ranges 


Error in ac mode, all ranges 
all frequencies 


Error in ac mode at low 
frequencies 


Error in ac mode above 10 kHz 
some ranges only 


Large error at 60 Hz, 120 Hz only 


Large error at beginning of range 


Excessive flutter at 30 Hz 


Indication creeps upward 


Poor common mode rejection 


AC Amplifier and converter work 

normally, but in DC mode 

Large difference between +dc 
and —dc reading 

Creeping indication, over-range 
light on 


Voltmeter exhibits same problem 
in ac and dc modes 
No indication 


Error in all ranges and all 
voltages 


Error at beginning of range 


Error at specific points of each 
voltage range only 


Noisy, jittery indication 


“Eriction’”’ in the readout 


Error in some ranges only 


No steady reading, indication 
drifts 


Indication does not change with 
signal 


Short between signal ground 
and case 


Possible Cause and/or Remedy 


V1 noisy, microphonic 
Heavy line transients 
Unstable signal 


AC accuracy off 
Tubes defective 


Broken input connector 
Open coupling capacitor 


V1 Grid current 
Attenuator HF adj. off 


High hum in amplifier 
Cathode-filament leakage 
Shield missing on V1, Attenuator 


Defective signal diodes CR], CR2 
Noise in amplifier 


Defective C31, C30 


Defective C31, C30, C26 
Defective tubes V1 through V4 


Internal shield missing 


Chopper 


High ac superimposed on dc signal 


Humidity on PC boards, insufficient warmup 


Blown fuse 
Reading retention switch in “HOLD” position 
External hold 


DC accuracy off 
R80, 81, 82, 83 shifted 


Misadjusted zero 


Ten-turn potentiometer R87 defective 


Resolution too high 
Q3, 04, R87 defective 
Chopper noisy 


Resolution too low 
Noisy chopper 


Mechanical trouble on motor-counter assembly 


Attenuator resistor shifted 


Chopper 
No reference voltage 
Defective transistor in servo amplifier 


Reading retention switch in ‘’HOLD” position 


Mechanical defect in motor-counter assembly 
Open winding on servo motor 
No power on servo amplifier 


Mounting screw clockwise 
Switch dials touching the escutcheon plate 
Motor shock mount worn 


ee 


Pertinent Sections 


ais 


ISS) aS 


AST Sa Tay isd peda 
UIs} oOo} sp] I 
vl 


6. SHIPPING INSTRUCTIONS 


If it should be necessary to return the instrument 
to Ballantine Laboratories, Inc., make certain that 
at least four inches of padding material surrounds 
the instrument to prevent damage during shipment. 
Ship via REA Express, motor truck, or air freight, to 


Ballantine Laboratories, Inc. 
90 Fanny Road 
Boonton, New Jersey 


MOUNTING OF 
THE MOTOR-COUNTER ASSEMBLY 


ZERO ADJ 


HOLD SWITCH 


C5 10V HF ADJ 


CARIN Sie ADS 


RANGE SWITCH 
KNOB REMOVED 


C3 100m V HF ADJ 


Figval2; 


Front View of Model 355 


R14 AC ACCURACY 
L2 AMPLIFIER 


LAMP I1 


BNC INPUT 
CONNECTOR 


MODE SWITCH 
KNOB REMOVED 


SIGNAL GROUND 


HF ADJUSTMENT R82 DC ACCURACY 


is 2 


LINE TERMINALS Fig. 13. Side View of Model 355 
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V1 v2 V3 V4 Ql V5 


é | CHOPPER 3 R82-RESOLUTION ADJ. 


Fig. 14. Internal View of Model 355 


Fig. 15. Rear view of Model 355 
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Fig. 16. Motor-Counter Assembly 
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Model 1355 
Foot Switch 


Model 618 
BNC-to-Binding Post Adapter Series 600 
(1 Supplied with the Model 355) Precision Shunt Resistor 


vat 


Model 1301 
High Voltage Probe 


Fig. 17. Accessories for Model 355 
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7. REPLACEMENT PARTS LIST 
REFER TO MODEL 355 CIRCUIT DIAGRAM, DWG. ME-3090E 


B.L. Circuit 
Part No. Symbol Capacitors Manufacturer 
8112 Gil 0.068 uF, 10%, 600 V, Type 364F683K Gudeman 
2457 (Ge) Osco oepr 300,V- Fyper V1228 Voltronics 
2457 C4 OlS=S pe pEas IBOURV SlyperV 1228 Voltronics 
2457 @ O18-8:5 pF, W300°V, Type" V 1228 Voltronics 
2235 C6 33 pF, 5%, Type CM15-E-330J Arco 
2254 Gi 330° pF, 5%, 500° V> Type’ GM 15-E-331J Arco 
USS) C8 3300 pF, 5%, 500 V, Type CM20-E-332J Arco 
Yap \ oye) G9 D7 ED = 007 OO RN aaliyper OC Quality Components 
23071 Gis JORDEN > (om ZV ealiype otyroKap Centralab 
ZLANSIYY Gis 1000 »F, 5 V, Type 601D128GO005GE4 Sprague 
2042 Gia OC pF, (SO Ve Wye Bier Sprague 
Gite Ove DOSY hyper DEP, Sprague 
Ec SORE IDO eV ye lypes DEP Sprague 
2302 C18 P22 eee oo PZ OORN Ny penso 5 G224) Gudeman 
2240 Ce 20" pk, 5%, D00=V, Type EM15-E-200) Arco 
ajay fe: Cue) 250 pF, 5%, 500 V, Type DM-15-251-J Arco 
2042 (CIN 518) ie, IEDC, Uiyere Blale Sprague 
C21B DORE Om V aly pemD ER. Sprague 
G2ie One LOOmN my pesDER, Sprague 
2362 (CL 2 a Sone OOM liv peas aD e224) Gudeman 
ATS) 225 250 pF, 5%, 500 V, Type DM-15-251-J Arco 
2362 C24 ee Oye OOM eEy Dems O27 4) Gudeman 
2365 G75 (Ola > oe 200" VV livypess > DG 103J Gudeman 
811] C26 Dole \OFo7e 200" V Type 2ZPZ2MK Hopkins 
2043 CALs RO) pik, DOC) VY Wyers ale Sprague 
C273 OPE > OORV a livpesbFF. Sprague 
C27/C LOPE > OORV re hype: DEP. Sprague 
Zan Z (Cae) 4.7 pF, =20%, 6VDC, Type 150D 475 X 0006 A2 Sprague 
2068 @3il 50 pF, 6 V, Type TNT 506 U 006 POB Mallory 
2068 G32 50 pF, 6 V, Type TNT 506 U 006 POB Mallory 
2541 G35 sOlvne, GMY Tolw500 V, ivype 19G24 1" Dise Sprague 
2196 C34 SCO jes, HOG, POO, Thy | SAP sye2 Sprague 
7814 G35 een Za ly pet 0 D1O>1G a O2,AA4 Sprague 
ATES) C40 Z50F E250 Vo ahype DEP Sprague 
SHI C41 50 nF OM Piype 30D506 'G.050 DH4 Sprague 
ZiD4 C42A LOOCs E25 Vainype DEP Sprague 
C42B 1000 pF, 25 V, Type DFP Sprague 
2796 C43 1500 pEmIO%o, Z0OV wlype 1O2P15292 Sprague 
7815 C44 15 pF, 20 V, Type 150D156X0020B2 Sprague 
7815 C45 15 pF, 20 V, Type 150D156X0020B2 Sprague 
Vas Te C50 047 pF, 10%, 200 V, Type 148P47392 Sprague 
27196 5 1500 pF, 10%, 200 V, Type 192P15292 Sprague 
2371 G52 047 pF, 10%, 200 V, Type 148P47392 Sprague 
2195 G53 2700 pF, 10%, 200 V, Type 192P27292 Sprague 
2S I C54 047 pF, 10%, 200 V, Type 148P47392 Sprague 
23 G5> .047 pF, 10%, 200 V, Type 148P47392 Sprague 


* In some instruments the component listed may not be used at all or its value may differ from the value shown. 
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REPLACEMENT PARTS LIST (Continued) 
REFER TO MODEL 355 CIRCUIT DIAGRAM, DWG. ME-3090E 


B. L. Circuit 
Part No. Symbol Capacitors Manufacturer 
2041 Gao Ol pF, GMV. Tol, 500 V, Type 19G241 Disc Sprague 
2355 C60 022 pF, 10%, 200 V, Type 148P22392 Sprague 
2394 Cél 1 pF, 5%, 200 V,, Type 192P10452 Sprague 
7814 C62 1 pF, 12 V, Type 30D105 G O12 AA4 Sprague 
2086 C63 25 pF, 12 V, Type 30D256 G 012 BB4 Sprague 
2796 C64 1500 pF, 10%, 200 V, Type 192P15292 Sprague 
7814 G65 1 pF, 12 V, Type 30D105 G O12 AA4 Sprague 
2086 C66 25 wF, 12 V, Type 30D256 G O12 BB4 Sprague 
7814 G6i/ ] pF, 12 V, Type 30D105 G 012 AA4 Sprague 
2086 Gos: 25 pF, 12 V, Type 30D256 G 012 BB4 Sprague 
7814 C69 ] pF, 12 V, Type 30D105 G O12 AA4 Sprague 
2086 C70 25 pF, 12 V, Type 30D256 G 012 BB4 Sprague 
2088 G7] 50 pF, 25 V, Type 30D506 G 025 DD4 Sprague 
2088 G2. 50 pF, 25 V, Type 30D506 G 025 DD4 Sprague 
Resistors 
1476 RI 1,800,000 ohms, 1%, Type PT-1000 Pyrofilm 
1477 R22) 2,000,000 ohms, 1%, Type PT-500 Pyrofilm 
1478 R3e 1,998,000 ohms, 1%, Type PT-1000 Pyrofilm 
1007 R4 2,000,000 ohms, 5%, Type EB Allen-Bradley 
1441 R51) 200,000 ohms, 1%, Type PT-500 Pyrofilm 
1442 R6 (2) 20,200 ohms, 1%, Type PT-500 Pyrofilm 
1443 R73) 1,800 ohms, 1%, Type PT-500 Pyrofilm 
1444 R8 180 ohms, 1%, Type PT-500 Pyrofilm 
1445 R93) 20 ohms, 1%, Type PT-500 Pyrofilm 
6858 R14 — 10,000 ohms, +20%, Type TSRB 1032 Allen-Bradley 
1348 R15 250 ohms, 1%, Type CPX-Y% Aerovox 
1120 R16 2,200 ohms, 10%, Type CB Allen-Bradley 
1697 R17 1,200 ohms, 1%, Type N20 Corning 
1433 “ARGS 7164 ohms, 1%, Type CPX-'% Aerovox 
6068 R19 39,000 ohms, 5%, Type EOO9AB/B 39K Amperex 
1660 R20 47,000 ohms, 1%, Type N-20 Corning 
1329 R21 4,700 ohms, 2%, Type CPX- 2 Aerovox 
267 R22 7,870 ohms, 1%, Type MF-6C-D-7871-F Electra 
1769 R23 7.35 ohms, 1%, Special Ballantine 
6057 R24 27,000 ohms, 5%, Type EOO9AB/B 27K Amperex 
6068 R25 39,000 ohms, 5%, Type EOO9AB/B 39K Amperex 
1009 R26 1,500,000 ohms, 5%, Type EB Allen-Bradley 
6061 R27 510 ohms, 5%, Type EOO9AB/B 510E Amperex 
1039 R28 22,000 ohms, 5%, Type EB Allen-Bradley 
2647 R29 12,000 ohms, 5%, Type EOO9AB/B 12K Amperex 
6060 R30 7,900 ohms, 5%, Type EOO9AB/B 7K5 Amperex 
6058 R31 18,000 ohms, 5%, Type EOO9AB/B 18K Amperex 


‘’) Resistors RI, R5 are part of a matched set and must be purchased as Set No. 1597. 

‘*) Resistors R2, R6 are part of a matched set and must be purchased as Set No. 1598. 

‘5) Resistors R3, R7, R8, RO are part of a matched set and must be purchased as Set No. 1596. 

“In some instruments the component listed may not be used at all or its value may differ from the value shown. 


Aas 


B. L. 
Part No. 


6057 
1010 
1062 
6060 
6058 
6057 
1007 
1007 
6055 
1063 
6058 
NOaZ 
6192 
6190 
Gis» 
1655 
6185 
1018 
1678 
1331 

WS 

11039 
Misc 
739 
1373: 

O24 
6191 

1208 
2649 
2649 
1281 

2649 
2649 
7207 
6186 
6851 

6188 
1278 
1039 
W784 
6855 
6857 
2648 
2648 
6055 
6055 
6056 


“Im some instruments the component listed may not be used at all or its value may differ from the value shown. 


Circuit 
Symbol 
R32 
R33 
R34 
R35 
R36 
Rea 
*R38 
R39 
R40 
R41 
R42 
R43 
R50 
R51 
R52 
R53 
R54 
TROP) 
R56 
Row 
R60 
R61 
BINOZ 
R63 
R64 
*R65 
R66 
R67 
R70 
R71 
R72 
R73 
R74 
*R80 
R81 
R82 
R83 
R84 
*R85 
R86 
R87 
R88 
R90 
R91 
R92 
R93 
R94 


REPLACEMENT PARTS LIST 


(Continued ) 


REFER TO MODEL 355 CIRCUIT DIAGRAM, DWG. ME-3090E 


27,000 
1,000,000 
390 
7,500 
18,000 
27,000 
2,000,060 
2,000,000 
100,000 
300 
18,000 
15,000 
11,380 
100,000 
1,667 
694 
1,667 
360,000 
4700 
3,000 
3,200 
22,000 
1.8 

TD) 
3,200 
150,000 
760 
2,000 
120,000 
120,000 
180,000 
120,000 
120,000 
3,300 
40,800 
1,000 
538 

AG 
22,000 
0.45 
10,000 
100 
470,000 
470,000 
100,000 
100,000 
51,000 


ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 
ohms, 


Resistors 


EQOSAB/ Be2i Kx 
EB 
EB 
EOO9AB/B 7K5 
EOOSAB/B 18K 
EOO9AB/B 27K 
EB 
EB 
ECO9AB/B 100K 
EB 


5%, Type 
5%, Type 
5%, Type 
5%, Type 
5%, Type 
5%, Type 
> oype 
Type 
Type 
Type 
Type EOO9AB/B 18K 
Type EB 
0.25%, Type EP43E1C-11.38K 
0.25%, Type EP43E1C-100K 
0.25%, Type EP43E1C-1.667K 
1%, Type N-20 
0.25%, Type EP43E1C-1.667K 
5%, Type EB 
5%, Type C-20 

1%, Type CPX-Y2 
5%, Type 452E 
5%, Type EB 

Oe liype: EB 
S95, Uj isis 
5%, Type 452E 
5%, Type EB 
+1%, Type E20 
5%, Type HB 
5%, Type EOO9AB/B 120K 
5%, Type EOO9AB/B 120K 
5%, Type GB 
5%, Type EOO9AB/B 120K 
5%, Type EOO9AB/B 120K 

1%, Type N-20 
0.25%, Type EP43E1C-40.8K 
10%, Type 115 
0.25%, Type EP43E1C-538 ohms 
5%, Type GB 
5%, Type EB 

10%, Special 
+3%, Type 7216RIOKL.1 
20%, Type G 
5%, Type EOO9AB/B 470K 

5%, Type EOO9AB/B 470K 
5%, Type EOO9AB/B 100K 

%, Type EOO9AB/B 100K 
5%, Type EOO9AB/B 51K 


Osi. 


Manufacturer 


Amperex 
Allen-Bradley 
Allen-Bradley 
Amperex 
Amperex 
Amperex 
Allen-Bradley 
Allen-Bradley 
Amperex 
Allen-Bradley 
Amperex 
Allen-Bradley 
Shallcross 
Shallcross 
Shallcross 
Corning 
Shallcross 
Allen-Bradley 
Corning 
Aerovox 
Sprague 
Allen-Bradley 
Allen-Bradley 
Sprague 
Sprague 
Allen-Bradley 
ReGals 
Allen-Bradley 
Amperex 
Amperex 
Allen-Bradley 
Amperex 
Amperex 
Corning 
Shallcross 
Gis 
Shallcross 
Allen-Bradley 
Allen-Bradley 
Ballantine 
Beckman-Helipot 
Allen-Bradley 
Amperex 
Amperex 
Amperex 
Amperex 
Amperex 


B. L. 


Part No. 


6059 
1054 
1120 
6057 
6057 
1110 
1039 
6859 
1018 
1089 
1039 
6059 
1063 
1067 
1062 
139 
1024 
1024 
1024 
1024 
O24 


7920 
TSYSS 
594 
594 
7918 
7918 
TINS 
71918 
7918 
7918 
HOS 
7918 
7910 
KOTO 
TSR 
7920 
7920 
7910 
UW 


2802 
3486 


3485 


3068 
6257 


Circuit 
Symbol 


R95 
R9I6 
ROF 
R98 
Ro? 
R100 
R101 
R102 
R103 
R104 
R105 
R106 
R107 
R108 
R109 
R110 
R120 
R121 
Ro 
R123 
Riza 
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10,000 
2,000 

4 700,000 
27,000 
27,000 
2,400,000 
22,000 
4000 
360,000 
3,300 


150,000 


Diode, 
Diode, 
Diode, 
Diode, 


Resistors 


ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 


EOO9AB/B 10K 
EB 
EB 
EOO9AB/B 27K 
EOO9AB/B 27K 
EB 
EB 


ohms, +20%, Type 115 


ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 
ohms, 5%, Type 


EB 
EB 
EB 
EOO9AB/B 10K 
EB 
EB 
EB 
VpshE 
EB 
EB 
EB 
EB 
EB 


Other Components 


Type 1N4148 
Type 1N4148 
Type BY-100 
Type BY-100 


Rectifier, Type 1N1218, 
Rectifier, Type 1N1218, 
Rectifier, Type IN1218, 
Rectifier, Type 1N1218, 
Rectifier, Type 1N1218, 
Rectifier, Type 1N1218, 
Rectifier, Type 1N1218, 
Rectifier, Type IN1218, 
Diode, Zener, Type 1N957B, +5%, 6.8 V 
Diode, Zener, Type 1N957B, +5%, 6.8 V 
Diode, Zener, 1N936, 8.55 V to 9.45 V 


Diode, 
Diode, 


Type 1N4148 
Type 1N4148 


PIV, 100 V 
PIV, 100 V 
PIV, 100 V 
PIV, 100 V 
PIV, 100 V 
PIV, 100 V 
PIV, 100 V 
PIV, 100 V 


Diode, Zener, Type IN957B, +5%, 6.8 V 
Diode, Zener, IN961B, =5%, 10 V 


Fuse, 0.60 A, Type 3AG-0.6, Slo-Blo 


Overrange Light, Type 291 
(Supersedes Type 1809) 
Counter Light, Type #1820 


Coil, Special 
Coil, Special 


on 


Manufacturer 


Amperex 
Allen-Bradley 
Allen-Bradley 
Amperex 
Amperex 
Allen-Bradley 
Allen-Bradley 
CY¥s 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Amperex 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Sprague 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 


General Electric 
General Electric 
Amperex 
Amperex 
Westinghouse 
Westinghouse 
Westinghouse 
Westinghouse 
Westinghouse 
Westinghouse 
Westinghouse 
Westinghouse 
Hughes 
Hughes 
Motorola | 
General Electric 
General Electric 
Hughes 
Hughes 


Littelfuse 


General Electric 


General Electric 


Ballantine 
Ballantine 


B. L. 
Part No. 
7914 
7915 
7915 
7915 
75 
7915 
7915 
WAS 
1916 


77156 
De oT 
HSS 


625) 


OO T 
BOOT, 
7207] 
OF, 
3106 
HO la) 
OL 
vod 
ligt 
Vy 
TEA 
TS 
AON 


A156 
3084 


Circuit 
Symbol 
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Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 


Switch, Attenuator, Special 


Other Components 
Germanium Power, Type MP1535 


2N2924 
DINZ O24 
2N2924 
2N2924 
2N2924 
DINZ O24, 
2N2924 


Type 
Type 
Type 
Type 
Type 
Type 
Type 


Silicon Power, Type 2N3054 


Switch, Function, Special 
Switch, Toggle, Type MST-105H 


Transformer, Power, Special 


Tube, 
Tube, 
Tube, 
Tube, 
_ Tube, 
Tube, 
Tube, 
Tube, 
Tube, 
Tube, 
Tube, 
Tube, 
Tube, 


Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 
Type 


6AU6A, 
6AU6A, 
6AU6A, 
6AU6A, 
OA2 

NE2H 
NE2H 
NE2H 
NE2H 
NE2H 
NE2H 
NE2H 
NE2H 


Code 
Code 
Code 
Code 


GZA 
(UX 
CZ 
C2A 
C2A 
GZA 
(JAX 
C2A 


AC Power Cord 
Chopper, Type M3 


Oh 


16, 
16, 
16, 
16, 


RCA only 
RCA only 
RCA only 
RCA only 


Manufacturer 


Motorola 

General Electric 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 


RCA 


Ballantine 
Ballantine 


Alco 
Ballantine 


RCA 
RCA 
RCA 
RCA 
RCA 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 
General Electric 


Ballantine 


Airpax 


8313 


8307 
8314 
8308 
8315 
8309 


8206 


8310 


8207 
8312 


8316 


MECHANICAL PARTS WHICH MAY REQUIRE REPLACEMENT 


Description 


Counter Motor Assembly 
(Ser. #101-200) 


Counter Motor Assembly 
(Ser. #201 - up) 


Counter Cover and Decimal Point 
Assembly (Ser. #101-200) 


Counter Cover and Decimal Point 
Assembly (Ser. #201 - up) 


Gear Assembly 


Handle Assembly 


Mode Switch Dial Asembly 
(Ser. #101 -300) 


Mode Switch Dial and Knob 
(Ser .#301 - up) 


Range Switch Dial Assembly 
(Ser. #101-300) 


Range Switch Dial and Knob 


10 Turn Potentiometer Assembly 
(Ser. #101 -200) 


10 Turn Potentiometer Assembly 
(Ser. #201 - up) 


i 


am] h-—- — = 


— 


onl 


— 


Consists of 


10 Turn Potentiometer 
Motor 

Counter 

Gear 

Pinion 

Stud (Spring Stop) 


10 Turn Potentiometer 


Motor 


Counter 

Gear 

Stud (Spring Stop) 
Bracket (Potentiometer) 


Reflector 
Lamp 
Cover 


Reflector 
Lamp 
Cover 


Stud (Spring Stop) 
Gear 
Roll Pin 


Handle 
Stud 
Roll Pin 


Dial 
Marking 
Hub 


Dial 
Marking 
Hub 


10 Turn Helipot 
Sleeve 
Shoulder Nut 


10 Turn Helipot 
Sleeve 


2 oe 


Roll Pin 
Bushing 
Spring 
Shoulder Nut 
Sleeve 
Bracket 

Post 


Roll Pin 

Bushing 

Spring 

Sleeve 

Stand-off Post 
Bracket (Counter 
Mounting) 
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8306 


8313 


8307 


S54 


8308 


8315 


8309 


8206 


8310 


8207 
3312 


8316 


MECHANICAL PARTS WHICH MAY REQUIRE REPLACEMENT 


Description 


Counter Motor Assembly 
(Ser. #101 -200) 


Counter Motor Assembly 
(Ser. #201 - up) 


Counter Cover and Decimal Point 
Assembly (Ser. #101-200) 


Counter Cover and Decimal Point 
Assembly (Ser. #201 - up) 


Gear Assembly 
Handle Assembly 


Mode Switch Dial Asembly 
(Ser. #101 -300) 


Mode Switch Dial and Knob 
(Ser .#301 - up) 


Range Switch Dial Assembly 
(Ser. #101-300) 


Range Switch Dial and Knob 


10 Turn Potentiometer Assembly 
(Ser. #101-200) 


10 Turn Potentiometer Assembly 
(Ser. #201 - up) 


li 


ye Ne eee 


_ 


Consists of 


10 Turn Potentiometer 
Motor 

Counter 

Gear 

Pinion 

Stud (Spring Stop) 


10 Turn Potentiometer 


Motor 


Counter 

Gear 

Stud (Spring Stop) 
Bracket (Potentiometer) 


Reflector 
Lamp 
Cover 


Reflector 
Lamp 
Cover 


Stud (Spring Stop) 
Gear 
Roll Pin 


Handle 
Stud 
Roll Pin 


Dial 
Marking 
Hub 


Dial 
Marking 
Hub 


10 Turn Helipot 
Sleeve 
Shoulder Nut 


10 Turn Helipot 
Sleeve 


Sox 


Roll Pin 
Bushing 
Spring 
Shoulder Nut 
Sleeve 
Bracket 

Post 


Roll Pin 

Bushing 

Spring 

Sleeve 

Stand-off Post 
Bracket (Counter 
Mounting) 
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2N2924 
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[——] SIGNAL VOLTAGE AT IkHz,l0mV INPUT, MODE SWITCH 
IN AMPL. POSITION, RANGE SWITCH ON 10mV RANGE. 
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RESPONDING VTVM, INPUT SHORTED, MODE SWITCH 
\N AMPL. POSITION. 
+ — DC VOLTAGE MEASURED WITH BALLANTINE MODEL 
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BALLANTINE: LABORATORIES, INC. 


Precision Electronic Measuring Equipment 
BOONTON, NEw JERSEY O7005 


TEL. 201 - 334-1432 
TWX 510 - 235-8329 


17 August 1966 


Commanding Officer 
Picatinny Arsenal 
Dover, New Jersey 


Att: SMUPA-N1-2, Bldg. 3325 
Subject: Your Order No. 28-017-A6-10336(A) Date Shipped: 4-1-66 


Gentlemen: 


On the referenced purchase order you bought a Ballantine 
Model 355 AC/DC Digital Voltmeter, Serial No. 25k. 


Recently we learned that a few of our customers have en- 
countered an operational problem with instruments having 
serial numbers below 301. 


This problem (slow running, or noisy counters) is readily 
correctedsby lubricating according to the enclosed instruc- 
tions. 


We'd greatly appreciate your forwarding this information, 
along with the oiler, to the person using the instrument, 
or to your repair facility so that appropriate action can 
be taken. 


If you should need any assistance, we hope that you will 
get in touch with us, or with our representative in your 
area, as we want to make sure that the instrument you pur- 
chased is in top working order. 


Very trulyeyours., 


BALLANTINE LABORATORIES, INC. 


Robert C. Dorris 
Vice President, Marketing 
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BALLANTINE LABORATORIES, INC. SPECIFICATION No. +*»)747?7 


BOONTON, N. J. Sheet of 1 __ Sheets 
ISSUED BY A. Cannara TITLE: 
5 he hE pected Shae 2 a ia a ea ae ae 
» LUBRICATION INSTRUCTIONS 


APPROVED BY FOR MODEL 355 


DATE: 18 July "66 


Ballantine Model 355 Digital Voltmeters with Serial Numbers below 301 
may require lubrication with Univis P48 Silicone Oil in order to correct 
a slow-running, or noisy counter. Instruments with higher Serial Numbers 
have already been lubricated and may never need such service. A con- 
venient oiling device is supplied for each instrument. 


To oil any 355 with a Serial Number below 201, remove the knobs, cover, 
escutcheon plate (outer front panel) and counter mask. Place no more 
than two drops of oil on each outer counter bearing and the outer motor 
bearing. Reassemble the instrument, being careful to align the mask so 
that it does not touch the counter wheels. 


For instruments with Serial Numbers above 200, remove the cover and 
bottom plate only. Apply no more than two drops of oil to the two 
bearings in the counter frame. 


If the oiler is misplaced, a new one may be obtained from Ballantine 
Laboratories, at no charge, by requesting Part Number 8707. 
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FOREIGN NATION RELEASE 


This intermation is furnished upon the tondition thar it witb nor be released 
troanother Nation without specific authority cf the couniezant aigency (Military or 
NABA) af the United States Government, and that the informatica be provided sub- 
Stuntiaitly the same degree of protection afforded it by the Department of Defense of 
the United States. 


DISCLAIMER OF LIABILITY FROM ACT OF TRANSMITTAL 


When Government drawings, specifications, or other data are used for any purpose 
other than in connection with a definitely related Government procurement operation, 
the United States Government thereby tneurs no responsibility aor any obligation 
whatsoever; and the facet that the Government may have formulated, furnished, or in 
any way supplied the said drawings, specification, or other data, is not to be 
regarded by implication or otherwise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights or permission to manufacture, 
use, Or sell any patented invention that may in any way be related thereto. 


Any information disseminated by the Data Distribution Centers of the Interagency 
Data Exchange Program is intended to promote test data utilization in the National 
interest among groups engaged in Ballistic Missile, Space Vehicle and related 
programs. 


Dissemination of said information does not imply verification or endorsement of the 
information. The originator, in submitting the material is acting in accordance 
with the requirements of his contract, and neither the Originator nor the 
disseminator assumes any liability to parties adopting any product, process or 
practice based upon the usage of the information. Its presenting the success of 
failure of one (or several) part number(s), model(s), Lot(s) under specific 
environment and output requirements, does not imply that other products not herein 
reported on are either inferior or superior. ; 


OMISSION OF CHARGES FOR FOLLOW-ON ACTIONS 


Any compliance by the report originator with requests from recipients for more 
detailed information in IDEP reports originated under Government contracts will 
be considered within the scope of present contractual obligations. Compliance 
with such requests will be at the discretion of the report originator and will be 
performed without cost or obligation to the requester ‘unless otherwise negotiated 
in advance. 


REPRODUCTION OF THIS REPORT 


Reproduction or duplication of any portion of this report is expressly forbidden, 
except by those contractors receiving it directly from the Data Centers or 
originator, for their internal use or the use of their subcontractors. Reproduction 
or display of all or any portion of this material for any sales, advertising or 
publicity purposes is prohibited. 
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3.0 PRELIMINARY OPE RATIONS 
3,1 Read entire procedure before bewinning calibration. 
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3,2 Connect Test Instrument to L15V, 60Hz. and set the MODE switch to AMPL. Allow for a 15 


minute warm-up period. 


3.3 Set Test Instrument HOLD-READ-HOLD switch to READ, adjust the ZERO ADJ. control until 


the Test Instrument readout indicates 090 + 0.3 digits, 


3.4 When measuring voltages above 309 Volts, the Test Instrument indication will drift due to 


heating of the input attenuator. 


4.0 CALIBRATION PROCESS: 


NOTE 


UNLESS OTHERWISE SPECIFIED, VERIFY THE RESULTS 
OF EACH TEST AND TAKE CORRECTIVE ACTION BE FORE 
PROCEEDING. 


4.1 DC VOLTAGE CALIBRATION: 


4.1.1 
4.1.2 
4.1.3 
terminals observing polarity, 


ATi-2 


Change 2 


Set Test Instrument MODE switch to -DC. 


Set up Instrument Calibration Standard to produce DC Volts. 


The correct voltage will be observed only after the indicator stabilizes. 


Connect Test Instrument Input jack to Instrument Calibration Standard MILLIVOLTS 
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7.975 to 8,025 V 


6.975 to 7,025 
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4.975 to 5,025 
3.975 to 4,025 
2.975 to 3,025 V 
1,975 to 2.025 V 


0.975 to 1.025 V 


, *100 V j 99.0 V 89.75 to 90.25 V 
2 ; 

**1000 V 909.0 V 905.0 to 915.0 V 
*Move connections to Instrument Calibration Standard Volts terminals. 


**Move connections to Instrument Calibration Standard high voltage terminals. 
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4.1.5 Disconnect all equipment. 
4,2 AC VOLTAGE CALIBRATION: 
4.2.1 Set up AC Voltage Standard to produce AC Volts @ 400 Hz. 
4.2.2 Set Test thitcu ment MODE switch to AC. 
4.2.3 Connect equipment as shown in Figure I, 
4.2.4 Set AC Voltage Standard TRANSFER switch to OPERATE and rotate dials to 10.0 Volts. 


4.2.5 Set Test Instrument RANGE switch to each position listed in Table 3, set AC Voltage 
Divider dials to each value listed in Table 3. The Test Instrument must indicate within the corresponding 


limits. 
. 
2 | | oes - esy NOTE 
3 pees ae RECORD TEST INSTRUMENT COUNTER 


; SN tn te ee INDICATION FOR EACH RANGE. 
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Figure 1 
Table 3 
Test Instrument Test Instrument 
Range AC Voltage Divider Limits 
10 MV . 0009000 8.975 to 9,025 MV 
100 MV . 0090000 89.75 to 90.25 MV 


4.2.6 Set Test Instru.nent RANGE switch to I VOLT. 
4.2.7 Set AC Voltage Divider dials to .0900000. 


4.2.8 Set AC Voltage Standard FREQUENCY switch to 50 Hz, 400 Hz. 10 KHz, and record 
400 Hz counter indication. 


4.2.9 The Test Instrument must indicate within 0. 8975 to 0.9025 Volts at each frequency. 
4.2.10 Set AC Voltage Standard TRANSFER switch to STANDBY. 


4.2.11 Disconnect all equipment. 
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Tieble 4 


Applied 


9.0 V @ 50 Hz. 400 Hz, 10 KHy 8.975 to 9.025 V 


*3.0 V @ 50 Hz, 400 Hr. 19 KHz 2, 975 to 3. 025 V 


90.9 V @ 50 Hz, 499 Hz. 19 KHz 89.75 to 90.25 V 
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900.0 V @50 Hz, 409 Hr. 19K He 905.0 to 915.0 -V 


*Record counter indication at 406 Hr, 


4.2.26 


fox; a) 


Repeat step 4.2.10 and 4, 2. 11. 

Connect Oscillator OUTPUT terminals to Frequency Response Test Set INPUT jack, 
Set up Ose illator for 490 Hy. 

Setup Frequency Response Test Set for 409 Hz operation, 

Connect Test Instrument Input jack to Frequency Response Test Set OUTPUT jack 
Set Test Instrument RANGE switch to 10 Volts, 


Set Frequency Response Test Set ATTENUATOR switch to 3 VOLTS, adjust Oscillator 


AMPLITUDE. control for Test Instrument Counter indication recorded for 3 Volts in Table 4, 


4.2, 22 


on OUTPUT METER, 


4.2.23 


4.2, 24 


Adjust Frequency Response Test Set METER SET control for SET LEVEL indication 


Set up Oscillator for 30 Hz, 


Adjust Oscillator AMPLITUDE control for SET LEVEL indication on Frequency 


Response Test Set Meter, 


4.2.25 
4.2.26 
4.2.27 
4. 2.28 
4.2.29 
4.2.30 


The Test Instrument must indicate within 2.95 to 3.05 Volts. 
Set up Oscillator for 50 KHz, and repeat step 4.2.24, 

The Test Instrument must indicate within 2, 95 to 3.05 Volts. 
Set up Oscillator for 250 KHz. and repeat step 4.2.24, 

The Test Instrument must indicate within 2. 9 to 3.1 Volts. 


Set up Oscillator for 400 Hz. 
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42.3%) Set ap Oscitiator for 250 KHz. and repeat atep 4. 2. 24. 
4.2.36 The Test Instrument must indicate within 0:69 to 0. GT Volts 
4.2.37 Set up Osctilator for 400 He. 
4.2.38 Set Test instrament RANGF switch to 100 MY. 
4.2.39 Set Frequency Response Test Set ATTENUATOR switch to .1 Volt, adjust see illator 


“AMPLITU DE control for Test Instrument Counter indication recorded in Table 3, and repeat step 4, 


4.2.40 
4.2.41 
| 4.2.42 
4.2.43 
4.2544 
4.2.45 


4.2.46 


AMPLITUDE ¢ontrol for Test Instrument Counter indication recorded in Table 3, and repeat step 4. 2. 22. 


4,2.47 
4.2.48 
4. 2.49 
4.2.50 


4.2.51 


Range 


DC Voltage Calibration 
to 100 MV 
Oto lV 


Oto OV 


Change 


471-6 


22. 
Set up Oscillator for 30 Hz and 50 KHz, and repeat step 4, 2. 24. 

The Test Instrument must indicate within 89.5 to 96.5 MV at each frequency. 
Set ap Oscillator for 250 KHz, and repeat step 4, 2. 24. 

The Test Instrument must indicate within 89.0 to 91.0 MV. 

Set up Oscillator for 400 Hz. 

Set Test Instrument RANGE switch to IO MY. 

OL volt, 


Set Freouency Response Test Set ATTENAUTOR switch to adjust Oscillator 


Set up Oscillator for 30 Hz and 50 KHz, and repeat step 4. 2. 24. 

The Test Instrument must indicate within 8,95 to 9.05 MV at each frequency 
Get up Oscillator for 250 KHz, and repeat step 4. 2.24. 

The Test Instrument must indicate within 8,9 to 9,1 MV. 


Disconnect and secure all equipment. 


CALIBRATION PERFORMANCE TABLE 


Applied Limits 

90.0 MV 89.75 to 90,25 MV 
C.9V 0.8975 to 0.9025 V 
9.0V 8. 975 to 9.025 V 
8.0V 7.975 to 8.025 V 
7.0V 6. 975 to 7.025 V 


“Continued on Page 7" 
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